 Abstract-DNA microarray technology has promised a very accelerating research inclination in recent years. There are numerous applications of this technology, including clinical diagnosis and treatment, drug design and discovery, tumor detection, and in the environmental health research. Enhancement is the major pre-processing step in microarray image analysis. Microarray images when corrupted with noise may drastically affect the subsequent stages of image analysis and finally affects gene expression profile. This paper presents an approach that achieves an automated way for applying mathematical morphology for the enhancement of microarray images. White and black top-hat transform is performed to denoise the image. A threshold is estimated which is dependent on image characteristics to remove artifacts present in the image. Experiments on Stanford, TBDB and UNC database illustrate robustness of the proposed approach in the presence of noise, artifacts and weakly expressed spots. Experimental results and analysis illustrates the performance of the proposed method with the contemporary methods discussed in the literature.
I. INTRODUCTION
DNA microarray technology [1] has a large impact in many application areas, such as diagnosis of human diseases and treatments (determination of risk factors, monitoring disease stage and treatment progress, etc.), agricultural development (plant biotechnology), and quantification of genetically modified organisms, drug discovery, and design. In cDNA microarrays, a set of genetic DNA probes (from several hundreds to some thousands) are spotted on a slide. Two populations of mRNA, tagged with fluorescent dyes, are then hybridized with the slide spots, and finally the slide is read with a scanner. The outlined process produces two images, one for each mRNA population, each of which varies in intensity according to the level of hybridization Manuscript received December 21, 2012; revised April 18, 2013. represented as the quantity of fluorescent dye contained in each spot.
Microarray image processing consists of the following sequence of three stages 1. Gridding, separation of spots by assignment of image coordinates to the spots [2] . 2. Segmentation, separation between the foreground and background pixels and 3. Intensity extraction, computation of the average foreground and background intensities for each spot of the array [3] . Microarray image may contain different sources of errors. Such as electronic noise, dust on slide, photon noise and other sources causes high level of noise which may propagate through higher image analysis leading to difficulty in identifying the genes that each type of cells is expressing to draw accurate biological conclusions. Spot recognition is complicated task as microarray image gets corrupted by noise sources during image acquisition also bright artifacts may be detected incorrectly as spots of microarray image. Hence it is very much essential to remove the noise present in the image .The image enhancement is necessary to improve the interpretability of information in images to provide better input for the higher image processing applications. Low quality images are thus to be enhanced by appropriate methods to interpret the accurate expression levels.
Image Enhancement improves the image quality by refining the image with respect to structural content, statistical content, edges, textures and presence of noise. It can be further used for accurate measurement of gene expression profiling.
The organization of rest of the paper is as follows: Section II describes the literature survey carried out in the areas of microarray image enhancement. Section III presents morphological approach which makes use of white and black top-hat transform to enhance microarray images. Section IV highlights the results of extensive experimentation conducted on some benchmark images. Finally conclusion is discussed.
II. RELATED WORK
The literature survey carried out has revealed that a fair amount of research has been put in the areas of microarray image enhancement. X. H. Wang, Robert S. H. Istepanian and Yong Hua Song [4] have proposed a new approach based on wavelet theory to provide a denoising approach for eliminating noise source and ensure better gene expression. Method of denoising applies stationary wavelet transform to pre-process the microarray images for removing the random noises. Rastislav Lukac and Bogdan Smolka [5] have proposed novel method of noise reduction, which is capable of attenuating both impulse and Gauassian noise, while preserving and even denoising the sharpness of the image edges. R. Lukac, et.al [6] have proposed vector fuzzy filtering framework to denoise cDNA microarray images. This method adaptively determines weights in the filtering structure and provides different filter structures. Noise removal using smoothening of coefficients of highest sub bands in wavelet domain is described by Mario Mastriani and Alberto E. Giraldez [7] . Denoising switching scheme based on the impulse detection mechanism using peer group concept is discussed by N. Plataniotis et.al [8] . A two-stage approach for noise removal that processes the additive and the multiplicative noise component, which decomposes the signal by a multiresolution transform, is described by Hara Stefanou, Thanasis Margaritis, Dimitris Kafetzopoulos, Konstantinos Marias and Panagiotis Tsakalides [9] . Guifang Shao, Hong Mi, Qifeng Zhou and Linkai Luo [10] have proposed a new algorithm for noise reduction which included two parts: edge noise reduction and highly fluorescence noise reduction. Ali Zifan, Mohammad Hassan Moradi and Shahriar Gharibzadeh [11] have proposed an approach using of decimated and undecimated multiwavelet transforms. Denoising of microarray images using the standard maximum a posteriori and linear minimum mean squared error estimation criteria is discussed by Tamanna Howlader et.al [12] . J. K. Meher et.al [13] have proposed novel pre-processing techniques such as optimized spatial resolution (OSR) and spatial domain filtering (SDF) for reduction of noise from microarray data and reduction of error during quantification process for estimating the microarray spots accurately to determine expression level of genes. Weng Guirong has proposed a novel filtering method to denoise microarray images using edge enhancing diffusion method [14] .Factorial analysis on simulated microarray images to study the effects and interaction of noise types at different noise levels is discussed by yogananda Balagurunathan et.al [15] . Chiatra Gopalappa et.al [16] have proposed a novel methodology for identification and scanning noise from microarray images using a dual tree complex wavelet transform. A two phase scheme for removing impulse noise from microarray images by preserving the feature of interest is discussed by Ram murugesan et.al [17] .Arunakumari Kakumani et.al [18] have proposed a method to denoise microarray images using independent component analysis. Enhancement approach which uses principles of fuzzy logic in conjunction with data adaptive filter to enhance noisy microarray images is presented by Rastislav Lukac et.al [19] . Wang li-qiang et.al [20] presents a novel method to reduce impulse noise by employing the switching scheme which uses differences between the standard deviation of the pixels within the filter window and the current pixel of concern. Nader Suffarian et.al [21] have proposed an approach which is implemented as conditional sub-block bihistogram equalization (CSBE) which has the ability to improve the gridding results in DNA microarray analysis.
Most of the methods proposed by researchers have either considered high SNR (signal-to-noise ratio) images or various assumptions on factors such as type of threshloding used, parametric assumptions and decomposition levels, which in turn leads to misclassification of foreground pixels from the background pixels in the segmentation process and finally affects gene expression profile. Also some of the methods have discussed only impulse, Gaussian noise and fluorescent noise. A method has to be proposed which works with low SNR images and estimate other types of noises so has to accurately denoise the image. This is very essential at the pre-processing stage because in the microarray image analysis each stage affects subsequent stage, so that an accurate biological conclusion can be drawn. Denoising of microarray image is a challenging task in the pre-processing step of microarray image analysis. So, techniques without the above mentioned constraints and which depends exclusively on the image characteristics is in demand. Fig. 1 shows a sub grid of microarray image. 
III. PROPOSED APPROACH

A. Denoising using Mathematcial Morphology
In this section an automated way to achieve enhancement of microarray images using mathematical morphology is presented. The noisy microarray image I(x,y) of x rows and y columns is preprocessed to get grayscale image P(x,y). Fig. 2 shows dataflow diagram of the proposed approach.
White top-hat transform (WTT) is performed on P(x,y). WTT is the difference between P(x,y) and its opening by structuring element (S).Morphological opening is erosion followed by dilation. The resultant image will be WTT(x,y).
Black top-hat transform (BTT) is performed on P(x,y). BTT is the difference between closing by structuring element (S) and P(x,y).Morphological closing is dilation followed by erosion. The resultant image will be BTT(x,y).
where  and  denotes dilation and erosion respectively.  and  denotes opening and closing respectively. Dilation is an operation that grows or thickens: objects in a gray scale image. The specific manner and extent of thickening is controlled by a shape referred through structuring element. Erosion shrinks or thins objects in a gray scale image. The manner and extent of shrinking is controlled by a structuring element. Structuring element is still the key factor of morphology operations. Applying structuring elements with different radius leads to diverse results of analyzing and processing of geometric characteristic. Therefore, structuring element determines the effect and performance of morphological transformation. Structuring element used for dilation and erosion process is shown in Fig. 3 . 
B. Threshold
To remove artifacts present in the subgrid after morphological denoising, a threshold is estimated which depends on image characteristics. This threshold used estimate significant connected components to draw accurate biological conclusions.
Threshold value is calculated using the equation 5. 
If the number of pixels in a component is less than threshold value (C T ) in each segment, then remove the spot (insignificant spot) by setting intensity zero to all pixels in that component.
The results of the proposed filtering process in removing the insignificant spots using the threshold values are reported in Table I . 
IV. RESULTS ANS PERFORMANCE ANALYSIS
In this section, the performance of the proposed approach is evaluated on real noisy microarray images drawn from SMD (Stanford microarray database), UNC (University of North California microarray database) and TBDB database. The images are available for free download from https://genome.unc.edu, http://www.tbdb.org/cgi-in/data/clickable.pl.html. Fig.4 shows noisy microarray image and in Fig.5 Enhanced image using proposed approach is shown. To quantify both the degree of filtering as well as the improvements due to enhancement algorithms, various performance measures are used. Such as mean squared error and peak signal to noise ratio. Higher the peak signal to noise ratio value higher is the quality of the image and lower the mean squared value higher is the image quality. Here we have compared the performance of different filters.
Performance analysis is shown in Fig. 8 and 9 . Table   II and III illustrates comparative results of the proposed method with existing filters. In this work automatic approach for enhancement of microarray image is presented. The noise removal is performed through white and black top-hat transform which are implemented using morphological dilation and erosion .To the morphological image threshold is used to eliminate insignificant spots. From the experimental results it has been observed that most of the contaminated pixels have been removed from the image. The entire process is robust, in the presence of noise, artifacts and weakly expressed spots. The proposed work can be used at pre-processing phase in microarray image analysis before using it in any of the stages of microarray image analysis, which then results in accurate gene expression profiling.
